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A study was designed (1) to develop an instrur^ent which measures activity 
ratios, the ratio of time a teacher spends teaching with indirect activities (those in 
which he acts as a co-ordinator of learning experiences) to time he spends teaching 
with direct activities (those in which he is imparting knowledge), (2) to devise an 
inservice science methods course which would encourage fifth grade teachers to use 
indirect activities when teaching science, and (3) to measure the effects of the 
methods course. Thirty volunteer fifth grade science teachers were randomly ^ 

assigned to a control group or to an experimental group which was given the 
inservice methods course. All were observed by two of three observers four times 
before, twice during, and four times after the course. Activity ratios and laboratory 
and questioning ratios (the proportion of time the teacher spends with laboratory 
experiences and asking questions) were calculated, and differences in mean ratio 
changes were tested by applying the t~test and using a .05 level of significance. 
Results indicate that the inservice methods course caused change in teaching 
techniques: experimental teachers made greater use of indirect activities, especially 
laboratory experiences, after the course. (Included are an 18-i tern bibliography, a 
descriptive outline of the methods course, and a 16-page discussion of "Activity 
Categories," an instrument for quantitatively recording activities in a science class.) 
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INTRODUCTION 



Problem 

Curriculum specialists have noted a need to increase student 
participation in elementary school science classes. Some of the 
recommendations are: 

!• Students should be involved in processes of inquiry and 
investigation. They should be asked questions, learn to 
obtain and analyze knowledge and learn to present their 
interpretations. 

2. Students should develop concepts and principles through 
physical manipulation of materials rather than through 
pure verbal experiences. Laboratory experiences should 
introduce new concepts and principles or extend old ones. 

Students should use many sources for reference rather 
than just a textbook. 

These recommendations are based on the fact that science is 
more than a body of knowledge; science is also a group of processes 
which involve inquiry and investigation. In general, curriculum 
specialists seem to advocate greater use of indirect activities 
and'' less use of direct activities. Indirect activities include 
laboratory experiencqs, group projects, student demonstrations, 
student reports and student talking. In these activities students 
are active participants; they are involved in obtaining or analyz- 
ing knowledge or presenting their interpretations. In direct 
activities, (lecture, teacher demonstrations, films and filmstrips), 
teachers, impart information; students are told everything. 

Many curriculum materials organized for the elementary 
school give greater emphasis to science processes.- Materials are 
being organized by such new elementary Science curriculum pro- 
jects as: Science Curriculum Improvement Study (SCIS)* at the 

University of California, Elementary Science Study (ESS) origi- 
nated by Educational Services Incorporated, Elementary School 
Science Project (ESSP) at Utah State Uni'versity and Science — A . 
Process Approach sponsored by the American Association for the 
Advancemex^t of Science. All foreinentioned projects emphasize 
involvement of students and use of indirect activities. 

In-service methods courses are being developed to familiar- 
ize elementary school science teachers with the new science •; 

curricula and to encourage theim to use indireot activities when 
teaching' science.’ One major problem faced by instructors of 




these courses is training teachers to use indirect activities. 
Many experienced teachers are satisfied with direct acti-? ities. 
They have used direct activities for several years and are 
content with the security of structured and controlled classes. 

In some cases experienced teachers may fear the unstructured 
aspects of indirect activities. Beginning teachers have spent 
four or more college years learning from lectures. They were 
impressed by articulate instructors v^ith a command of subject 
matter. In many instances beginning teachers and. experienced 
teachers consider "lecturing” and "teaching" synonymous. What 
methods should instructors of methods courses use to effectively 
introduce new materials to elementary school teachers and at the 
same time encourage them to Use indirect activities when teaching 
science? * 

Effective ways for instructors of methods courses to 
encourage elementary school teachers. to use indirect activities 
when teaching science will be found by evaluating methods, courses. 
Since methods courses are designed to change teachers! classroom 
behavior, the courses must be evaluated with respect to this 
variable. Instruments should be developed which will measure 
teachers' behavior in terms of goals set for the methods course... 

Hence, the problem is two— fold; first, to measure effects . 
of an in-service science methods course designed to encou^c^age. 
elementary school teachers to use indirect activities when teach- .. 
ing science; second, to develop an instrument which will measure 
teacher behavior in science classes in- terms of goals set for the 
methods course.- 

Related Studies 

Pew studies have been made of the effectiveness of in- 
service training courses, institutes or programs for elementary 
school science teachers. Generally, investigators have measured 
effectiveness using: 

1. checklists or questionnaires to elicit descriptive 
responses from participants or their supervisors 
(principals). 

■ 

2. scores obtained by participating teachers on a. paper 
and pencil test. 

3* scores obtained by. pupils of participating teachers on 

a paper and pencil test. 

*' ' 
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: [ 



In some studies investigators used a combination of these 

approaches. ' 

• * • . . i, _ 

.■ f 

Early studies by Weber (10)| Wood (11 ) and Wong (18) were | 

attempts to evaluate the effectiveness of workshops using 

educators' ratings. Robinette (I5) used structured interviews , i 

to determine types and extent of innovations in classroom 
practices of teachers who attended a summer workshop. He 
reported that participants gave the workshop credit for inno- 
vations they felt had been made in their science classes. 

Before and after an in-service science course Brittain 
and Sparks (4) used a checklist of 88 items to investigate the 
seriousness of problems encountered in science teaching. 

Although iBto data appears conflicting, Brittain and Sparks 
stated; 

I ■ 

"Findings are consisteht with the hypothesis that the course ■ j 
was effective in its contribution to the science teachii^Si [ | 

competence of the enrolled teachers." :: 

Brandou (12) investigated factors related to X6 physical | j 

science background progratms for in-service elementary school ) I. 

teachers. Bata was gathered with standardized instrumehits, > ( : 

peqrsonal interviews, field surveys and prepared questionnaires, - f | 

He concluded: M 

"Elementary teachers who participated in the in-service : \ 

programs reported significantly greater increases in the 
use of twelve of twenty-one classroom science teaching 
activities. The significant items were closely related to | 

objectives established at the summer conference." j 

• \ 

Test scores obtained by students were used by Mork (13) f 

and Sims (S) to measure the effectiveness of in-service training. 

Both investigators found their in-service programs improve instruc- 
tion. Selser (I6) tested both students and their teachers to 
evaluate an in-service institute. Both experimental teachers and > 

their pupils scored significantly higher (.05) than control ! . 

teachers and their pupils, respectively. 

jr 

• . ■ r / 

Different forms of the Head General Science Test was used 
as pre-and post-tests by two investigators. Fowler (6) found a 
significant gain in general Science achievement by participants 
in a sumiiter science institute. Washton (9) found grauiuate ’ 
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students in his course made substantial gain in achievement in 
general science* 

Effects of a lecture-demonstration method and effects of 
an individual laboratory method of teaching science to teachers 
were compared by Stefaniak (l?)* The students (65O) taught by 
the teachers x>rere tested before and after the courses with the 
Calvert "Scienoe Information Test,*' attitude-inquiry forms con- 
structed by the investigator and an interest test also constructed 
by the investigator. Fourth-grade pupils of teachers taught by 
the lecture-demonstration method made significantly greater gains 
in acquiring science information and acquired a greater interest 
in science* Hox^ever, fifth-grade pupils and sixth-grade pupils 
of teachers taught by the individual laboratory method showed 
significantly greater gains in acquiring science information* 

Both fifth and sixth-grade groups showed a general loss of 
interest in science* No significant differences between groups 
were found for acquired scientific attitudes* 

These studies which used comments by teachers or their 
supervisors were concerned with changes in behavior of teachers or 
techniques used by teachers that could be attributed to partici- 
pation in an in-service training program* Studies which tested 
teachers with paper and pencil tests were trying to measure 
changes in the teachers' subject-matter background which resulted 
from participation in the in-service training program* Investi- 
gators who’ measured pupils of participating teachers assumed a 
correlation between pupil achievement and participation by the 
teacher in in-service training program* Most of the studies 
reported above have merit* However, one goal of an in-service 
training program is to change the behavior of teachers when 
teaching science* Little attempt has been made to objectively 
evaluate the effectiveness of in-service programs as they relate 
to classroom teaching behavior* 

Direct observation of teachers .in classrooms has been a 
part of much research in education during this century* Medley 
and Mitzel (Gage, I963), discuss several instruments and methods 
for observing classes* The major use of these instruments has 
been to measure effective teacher behavior or classroom climate* 
The most sophisticated instrument reported was developed by 
Flanders (l)* 

Flanders' system of verbal interaction analysis categories 
consists of ten categories; i*e*, teacher accepts student feel- 
ings, teacher praises student, teacher accepts student ideas, . 
teacher asks questions, teacher lectures, teacher gives direction, 
teacher criticizes student, student answers, with a fact, student 
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answers with an opinion or concept, and silence or confusion. 

Using these categories in a classroom or while listening to a 
tape, an observer makes one observation every three seconds. 

When the verbal behavior shifts, the observer records both cate- 
gories. Several derived measures may be calculated with these 
data. Classroom verbal interaction is then described in terms 
of these derived measures. 

In one study reported by Fischler and iinastasiow (5)i the 
behavior of participating teachers was recorded before and after 
a speoiaL summer training program. In the spring audio tapes 
were made of each teacher during two science lessons. The summer 
program was called ”School Within a School’* because participating 
teachers were those teaching summer school and the training 
program vias integrated with their teaching responsibilities. In 
the mornings supervisors observed teachers, did classroom 
demonstrations, and carried out analysis sessions with teachers 
after class. In the afternoon teachers attended classes to 
acquire additional background and to work on various methods for 
teaching science. Prior to summer school four workshops were 
conducted to introduce Science Curriculum and Improvement Study 
(SCIS) materials to teachers. Teachers were encouraged to ask 
fewer questions and to encourage pupils to observe and express 
their views. In the fall two audio tapes were made of eaoh 
^teacher during science lessons. Complete data was obtained for 
'*^ten teachers. The tapes were analyzed with Plander's verbal 
interaction analysis category system and the Science Teaching 
Observational Instrument. The latter instrument analyzed ques- 
tions posed by teachers. Bach question is classified by what 
students are asked to doj i.e., recall facts, see relationships, 
make observations, hypothesize, or test a hypothesis. After 'the 
summer program teachers demonstrated a reduction in lecturing 
and questioning. They did ask more indirect questions and 
allowed students to answer at greater length. Answers by students 
were less of a factual nature and more opinion or concept in 
nature. This was a unique study because investigators did not 
evaluate the course with statements by the teacher or his principal 
Instead, they used* actual changes in teachers' verbal behavior to 
measure the course effectiveness i 

.Methods courses are designed to develop the teacher's 
ability to teach. While it is true that a major portion of the 
teacher's behavior has been and is verbal, one present trend in 
science classrooms is to use indirect activities. Oliese activities 
require less talking by the teacher and more involvement of. stu- 
dents. If this is the case, science methods courses must-be 
designed to encourage greater use of activities involving student 
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participation. Evaluation of these courses should he made in terms 
of changes in participating teachers' behavior. 

Objectives 



The trend in science education, as seen in recently pre- 
pared curricula, is for increased student involvement. Many 
experiences and all prospective science teachers will need to be 
trained to use activities which encourage student participation. 
These activities termed "indirect" included laboratory experiences, 
group projects, student demonstrations or reports, and student* 
talking. Hence, the first objective of this study is: 

To devise an in-service science methods course which will 
encourage fifth-grade teachers to use indirect activities 
when teaching science. 

The basic assumption for the design of the course is: Teachers 

learn to use indirect activities most effectively if in the 
course they are required to prepare and teach using these activi- 
ties, The instructor of the methods course should minimize 
lectures and increase involvement of participating teachers. The 
second objective is: 



To measure the effect of the in-service science methods 
course on the teaching techniques of participating teach— 




Since the course is designed to cause a change in activities used 
by the teachers, evaluation is based on this variable. The third 
objective is: 



To develop an instrument which will measure the ratio of 
time spent teaching with indirect activities to time spent 
teaching with direct activities. 

This ratio of indirect activities to direct activities is termed 
"activity ratio." Direct activities are those in which the teacher 
is imparting information to students. The activity ratio repre- 
septs;?a-j?ieasure of the teacher's use of indirect activities. A 
^Sub^ectiye is: 

/ ^ _/■ 

( To formulate directions which would enable future workers to 
use the instrument effectively. 



The principal goals in this study were (l) to devise an in- 
service science methods course which would encourage fifth-grade 
teachers to use indirect activities when teaching science and (2) 
to measure the effectiveness of the course. An experimental group 
of teachers X'jas compared with a control group of teachers. Exper- 
imental teachers were given the in-service science methods course 
during the study; the control teachers were not given the course, 

Suh.ieots 

A sample population of 32 teachers was selected from the 
fifth-grade teachers in Syracuse, New York, area school systems. 
Fifth grade was chosen arbitrarily. Included in the sample were 
19 public school -teachers (7 men, 12 women), and 13 parochial school 
teachers, (10 nuns, 3 female lay teachers). All tau^t science and 
volunteered to participate in the study, Bach expected to be 
observed while teaching science and possibly take an in-service 
science methods course. Sixteen teachers were randomly chosen for 
the experimental group and 16 for a control group. 

Instrument 



(a brief description is included here; a thorough discussion 
’^df the instrument is given in Appendix B, ) 

A set of 11 categories was developed by the investigator 
(Table l) for observers to use when visiting teachers. These 
categories describe general types of activities used in science 
classes. The first six categories — laboratory experiences 
(openended and structured), group projects, student demonstrations, 
student reports and student talking are classified indirect activi- 
ties, During these activities a teacher acts as a coordinator of 
learning experiences. Emphasis is on student participation. The 
direct categories — ^workbook work, lecture and teacher demonstration 
—describe activities during which a teacher imparts knowledge 
verbally or with some device. Two categories are not classified 
direct or indirect; i,e,, teacher questioning and general havoc. 

Classroom activity during a science lesson is classified by 
writing the number of the category which describes the activity. 

The recorder writes the number at definite intervals during the 
period. In this study five-second intervals were used to acquire 
adequate precision. Several ground rules (Table II) were developed 
to clarify use of. the instrument. 



INDIRECT ACTIVITIES 


Students are presented a problem to be 
1. LABORATORY solved by experimentation. The procedure 

EXPERIENCES: may or may not be given. They are 

OPENENDED required to make observations and analyze 

intiPT'pT»A-h_tbp-i r* f i 


Students are presented a laboratory experi- 
2. LABORATORY ment with a structured procedure. They 

EXPERIENCES: are not reqiiired to ansdyze or interpret 

STRUCTURED their data. They are asked to make 

observations . 


One or more groups of students are 
working on a science project during the 

RUJEU t> class period. Some may -work individually. 

( not writterL pro jectsJ 


A student or group of students demon- 
U* STUDENT strate a science experiment or project 

DEMONSTRATIONS which they have prepared. (Oral report on 

Rpipncp pro jpc+. wmil d hp ^included).. 


STUDENT (a) A student or group of students give an 

LIBRARY oral report they have prepared based on 

RESEiiRCH reference material, (b) The class works 

IMPORTING ETC. with reference materials for purposes of 
' 5 j . or making reoorts . 


6. STUDENT student contributes verbally by 

QprAKTMp asking a question, answering a question or 

bn.,ai^iiMLr simnlv volunteering information. 


•C’ 


7. TEACHER Students are asked a question by the 

. QUESTIONING teacher. 


r 

DIRECT ACTIVITIES 


R vTnnxrDnrw Students work in class on workbooks, home- 

”• work, questions from text, art-type work, 

etc. 


9. TEACHER teacher presents material by film, 

DEMONSTRATIONS filmstrip, record, TV, radio, demonstra- 
tion, etc. 


The teacher reads aloud, expresses his 

views, gives directions, makes an assign- ; 

10. LECTURE ment or asks rhetorical questions. 

Students are expected to listen. They may ! 

interrupt only virhen they do not understand.' 

Student reading in the text is also 
incTndpd. , — 




11. GEI'ERAL class may be cleaning up, settling 

HAVOC down or doing nothing. In general, this 

1 Cfl+.PgnT»y fiViniild ho naad sparingly. . . . . 



Table I Activity Categories. Eleven categories which describe 
general types of activities used in science classes. 
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GROUND RULES 

1. When two activities occur simultaneously in a five-second 
interval, observers choose the category with the smallest 
number. For example, a teacher may be talking while show- 
ing a filmstrip (No, 9)* If "the teacher is telling the stu- 
dents (No, ^lO), observers record a 9* If the teachey is 
asking a question (No, 7)t observers record a 7* 

2« When two or more activities occur sequentially with a five- 
second interval', observers choose the activity which 
occupied the majcr pcrticn. If this is net pcssible, 
observers choose the category with the lowest number* 

3, Lulls during a lecture for purposes of notetaking (No* lO)* 
If the lull occurs following a teacher’s question, it is 
recorded as a question (No, 7)* 

4 , If an interval cannot be assigned a number, it is left 
blank. The situation should be explained in the margin 
as soon as possible, 

6, A test is coded as ”T”, 

7 , Laboratory experiments: If a distinction between cate- 

gories 1 and 2 cannot be made because the directions 
are nonverbal, then an ”L” will be used until the direo- 
■tions can be examined. While students are predominantly 
reading directions, consider this as Category 10, direc- 
tions, 

8* When Category No, 8 is applicable, the observer should 
check the materials. If the materials are thought- 
provoking rather than ”look-up-the answer” tjrpe, the 
observer will note this on the reverse side of the sheet, 

9 , Guest speakers are not recorded, ’’Guest speaker” is 
written across the blank intervals. 



Table II Ground Rules, Rules to clarify use of the activity 
categories. 
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The data may he used to calculate three ratios. The activity 
ratio is a measure of time spent teaching with indirect activities. 
It indicates the degree to which a teacher acts as a coordinator of 
learning experiences. The laboratory ratio measures the percent of 
time spent vdth laboratory experiences. The questioning ratio 
measures the amount of time a teacher spends asking questicns with 
respect to the total amount of recorded teacher talk. 

General Design 

The study was divided into three phases. Prior to Phase I 
two associate observers uere trained to use the activity categories, 
(a discussion of the activity categories and training of two associ- 
ate observers is found in Appendix B,) During the study the 
investigator and associate observers made independent observations 
of teachers, A high reliability between observers was desirable 
since all data were to be combined. Reliability estimates between 
each pair of observers were calculated before Phase I* All 
observers visited the same two classes and independently used the 
activity categories, Scott's method (described in Appendix B) was 
applied to data obtained by each pair of observers. All reliability 
estimates were greater than 0,880, 

Each of the three observers visited 20 teachers during their 
science lessens (Table III), Observer A saw nine experimental 
^ teachers and eleven oontrcl teachers. Observer B saw eleven 
experimental teachers and nine ccntrcl teachers? Observer C saw 
ten teachers from each group,* When observing classes, observers 
used the activity categories discussed in Appendix B, 

Phase I, (October 7» 19^6 to December 31 » 1966), was the 
period before experimental teachers were given the methods course. 
During this phase both experimental teachers and control teachers 
were observed while, teaching science. Each teacher was observed 
four times, twice by two of the three observers. Data were used 
to calculate three measures of each teacher's behavior before the 
methods course was given. These measures were activity ratio, 
laboratory ratio, and questioning ratio. All data on a teacher 
were combined when calculating these ratios. 



*In the original design each observer was to have seen ten experi- 
mental teachers and ten control teachers,.. Teachers No, 31 and 
No, 32 were serving as extras. Two teachers were forced to dis- 
continue because of illness. Unfortunately, the extra experimental 
teacher was seen by different observers than the experimental 
teachers who dropped and the extra control teacher was seen by dif- 
ferent observers than the control teacher who dropped, 
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EXPERIMENTAL CONTROL 



Observer A 


4, 7 
11, 21 


10, 17 
18, 26 
30 

1 r nil 1 II •• 


II 

i 


t ' 

! 2, 2a 

1 23, 28 
1 


3, 8 
12, 13 
19 


• • 


Observer B 




10,‘ 17 
18, 26 
30 


nr 

5. 9 k 
15, 20 1 
25, 32 |l 


i 

i 

li 


3, 8 
12, 13 
19 


1, 6 
14, 16 


Observer C 


4, 7 
11, 21 


■ 


5, 9 I 
15, 20 1 
25, 32 ^ 


2, 22 
23, 28 
29, 31 




1, 6 
14, 16 



TaLle III Assignment of Teachers to Observers , Tl^e numbers 
designate teachers. Each teacher was observed by two observers* 
Teachers No* 24 and 27 dropped due to illness and are not included 
in this chart* 



After a round of olsservations, during which every teacher 
was observed once, data on members of the experimental ' group were 
combined and data on members of the control group were combined# 

Three measures were calculated for both groups for each round of 
observations. Pour group activity ratios, four group laboratory 
ratios, and four group questioning ratios were calculated for the 
experimental group of teachers and for the control group of teachers. 

Phase II extended from January 1, 19^7 to March 31, 1967* 
During this phase experimental teachers and control teachers were 
observed twice, once by each of the two assigned observers. Data 
were used to calculate group measures for both the experimental 
group of teachers and the control group of teachers. Two group 
activity ratios, two group laboratory ratios, and two group ques- 
tioning ratios were calculated for each group of teachers, 

' A reliability check on each associate observer was made 
during this phase. The investigator accompanied each associate 
observer to two classes. Both used the activity categories and 
independently recorded data. Reliability estimates between the 
investigator and each associate observer were greater than 0,91« 

Experimental teachers participated in the in-service science 
methods course designed to encourage fifth-grade teachers to use • 
'^indirect activities when teaching science. This course is described 
in Appendix A, 

Phase III, the final phase of the study, began April 1, . 

1967 and ended in the middle of June, 1967 , Experimental teachers 
and control teachers were observed four times, twice by each « . 
assigned observer. Ds^ta on each teacher were combined to cal- 
culate three measures of the teacher's behavior after the methods 
course had been given. These measures were the activity ratio, 
laboratory ratio and the questioning ratio. After each round of 
observations, data obtained during the round for experimental 
teachers were combined and data obtained during the round for 
control teachers were combined. Pour group aotivity ratios, four 
group laboratory ratios and four group questioning ratios were 
calculated for the experimental group of teachers and for the 
control group of teachers during Phase III, 

Near the end of this phase a second reliability check on . 
eabh associate observer was made. The investigator accompanied 
each associate observer to two classes. Both used the aotivity 
categories and independently recorded data. Relability estimates 
between the investigator and each associate observer were greater 
thsui 0,93* 
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Analysis of Data 

4 

Three measures of each "teacher's behavior were calculated 
from data obtained before the methods course. These were the 
. activity ratio, laboratory ratio and questioning ratio. The same 
three measures of each teacher's behavior were calculated from 
data obtained after the methods course. Changes in each ratio 
were calculated for all teachers. Ratio changes were determined 
by subtracting ratios calculated i^ith data obtained before the 
course from corresponding ratios calculated with data cbtained 
after the ccurse. Ratic changes reflect hew the teacher taught, 
in terms cf each measure, after the ccurse with respect tc hew 
he taught befere the ccurse. 

Data cbtained before the course were analyzed statistically 
tc determine if significant differences existed between the ccntrol 
greup cf teachers and the experimental greup of teachers befere 
experimental teachers were given the metheds ccurse. A two-tailed, 
t-test as described by Hays (.3) was applied to differences between 
the means of corresponding ratios for experimental teachers and 
control teachers. 

The effect of the methods course on the teaching techniques 
of participating teachers (experimental teachers) was determined by 
^comparing the experimental group of teachers with the control group 
of teachers. The groups, experimental and control, were compared 
on the change scores for each measure. A two-tailed t-test as 
described by Hays was applied to differences in means for the two 
groups. Three null hypotheses were used to give direction to the 
analysis. A five percent level of significance was chosen for 
rejection of the following null hypotheses: 

1. The mean of the changes in activity ratio for the experi- 
mental group is equal to the mean activity ratio change 
for the control group; i.e., Ue = Uq, 

2. The mean of the changes in laboratory ratio for the 
experimental group is equal to the mean laboratory 
ratio change for the control group; i.e., u^ = Hq. 

3* The mean of the changes in questioning ratio for the 
experimental group is equal to the mean questioning 
ratio change for the control group; i.e., Uq = Uq. 

Ten rounds of observations were made during the study. After 
each round of observations, the data obtained on experimental teach- 
ers were combined and the data obtained on control teachers were 
combined. The combined data on experimental teachers were used to 
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calculate a grcup activity ratici grcup labcratcry ratic a,nd grcup 
quest idling ratic fcr the experimental group of teachers ^ The 
comhined data on control teachers was used to calculate similar 
ratios for the control group of teachers. 

Ten group activity ratios for experimental -teachers and ten 
group activity ratios for the control group were graphed. Similar 
graphs were also constructed for group laboratory ratios and for 
group questioning ratios. These graphs illustrate changes in the 
experimental group of teachers, changes in the control' group of 
teachers, and differences between the two groups over the course 
of the study, 

A subjective analsysis of various factors wasialso made. 

The factors which were discussed included observer effects, effects 
arising from differences in the subject matter taught before the 
course and subject matter taught after the course, and effects 
resulting from informing teachers before observations were made. 

Many calculations were performed with a systems/360 Fortran 
III Computer, The program for the computer was written by the 
investigator. First, an activity ratio, laboratory ratio and 
questioning ratio are calculated for: 

a, each observation of a teacher. 

b, both the experimental group of teachers and the control 
group of teachers from data collected during each round 
of obser\»‘ations (group ratios), 

c, each teacher with data obtained before the course, 

d, each teacher with data obtained after the course. 

The activity ratio change, laboratory ratio change and questioning 
ratio change are also determined with the computer. 



Then, an analysis is made of differences between expcri-^ 
mental teachers and control teachers on six measures; i.e., the 
activity ratios, laboratory ratios and questioning ratios 
obtaihed before the methods course and the three ratio changes, 

A separate analysis is made of each measure. In each analysis a 
mean and variance was calculated for scores obtained by the experi- 
mental group of teachers and for scores obtained by the control 
group of teachers. The t— test is applied to the null hypothesis 
that the mean score for experimental teachers is equal to the mean 
score for control teachers. The final step in the analysis is 
acceptance or rejection of the three null hypotheses written to 
give direction to the study, 
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S-ta-tis-tical Analysis of Rat i os Calcala-bed x^ith Lata Obtained Before 
the Cours e 

Activity ratios ^ laboratory ratios and questioning ratios 
were calculated for all teachers xiith data obtained before the 
methods course. The mean and variance was calculated for each set 
of ratios obtarned for the control group and for each set of ratios 
obtained for the experimental group p The difference in means of 
corresponding sets of ratios for the two groups of teachers were 
analyzed statistically. The t-test was applied to differences in 
corresponding means. At the .05 level of significance none of the 
differences x^ere significant. ’The difference in means, for cor- 
responding sets of questioning ratios v;ere not significant at the 
0.10 (t.lO = 1 . 313 ) level. The difference in means for correspond- 
ing sets of laboratory ratios was not even significant at the 40 
percent level (t .40 = •25^)* 

Class Size: Parochial School Teachers and Public School Teachers 

In Table IV the experimental group of teachers and the con- 
trol group of teachers are compared on several. factors; i.e. , number 
of parochial school teachers (column 2), number of public school 
teachers (column 3)» sizes of classes (column 4)» number of years 
of Experience teaching science in the elementary grades (column 5)i 
and number of courses taken in science (column 6). 

The experimental group of teachers included 6 parochial 
school teachers and 9 public school teachers. The control group 
of teachers included 7 parochial and 8 public school teachers. The 
average class size for experimental teachers was 35*1 
trol tea-hers 35. S. The. overall average class size vjas 35- 5* An 
asterisk marks those teachers with more than 35-5 students. It is 
interesting to note that xirith txsro exceptions* column No. 2 and 
column No. 4 shox-i one-to-one correspondence between parochial 
school teachers and classes larger than the mean size. The number 
of students in parochial school classes is almost consistently 
higher than the number of students in public school classes. 



*Teacher No. 26, a public school teacher, had 36 students while 
teacher No. -Sj a parochial school teacher, has 34 students. 
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Tchr. 

No. 


Parochial 

School 

Teachers 


Public 

School 

Teachers 


No. of 
Students 


No. of years 
Teaching 
Science 


No. of 

Science 

Courses 


4 


* 




46 * 


3 


3* 


5 


* 




50* 


11 * 


2 


7 


* 




50 * 


1 


1 


9 


* 




42 * 


23* 


3* 


10 


* 




41 * 


15 * 


2 


30 


* 




45* 


9* 


4* 


11 




* 


27 


6 


2 


15 


% 


* 


22 


2 


1 


17 




* 


24 


13 * 


3* 


18 




* 


30 


13* 


3* 


20 




* 


32 


13 * 


2 


21 




* 


24 


25* 


5* 


25 






27 


5 


1 


26 






36 * 


5 


0 


32 ' 
Mean fi 
mental 


or expert- 
Teachers 


* 


31 


11* 


2 






— 


35.1 


10.3 


2.3 


1 


* 




47* 


3 


1 


2 


* 




46 * 


15* 


.. . .1 . . 


3 


* 




55* 


8 


0 


6 


* 




43* 


7 


5* . 


. 8 


* 




34 


2 


3* 


16 


* 




45* 


4 


- 3* 


28 


* 




47* 


8 


6* 


12 




* 


31 


2 


4* 


13 




* 


23 


32 * 


3* 


14 




* 


31 


5 


1 


19 




* 


33 


4 


4* 


22 




* 


20 


2 


6* 


23 




* 


29 


3 


3* 


29 




* 


25 


1 


3* 


31 

Mean f 
oontro 


or 

.1 


* 


28 


8 


2 


teache 


J7S — — 


— — 


35.8 


7.0 


3,0 



Talale IV: A comparison of the experimental group of teachers and 

• the control group of teachers- on number of parochial school 
teachers, number of public school teachers, number of stu- 
dents in classes, number or years teaching experience and 
number of science courses. 

*The teacher's score is greater than the overall mean for 
all teachers. 
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Teaching Experience 






The mean number of years teaching experience was 10.3 for 
experimental teachers and 7*0 for control teachers. The overall 
mean number of years teaching experience was years. Nine 
experimental teachers had more than Si-S years while only 2 con- 
trol toacnqrs had more than years. 

Science Baolrground 

The number of science courses (including science methods 
courses) each teacher had taken prior to this study is given in 
Table IV ? column 5. The average number of science courses was 2.3 
for experimental teachers and 3»C for control teachers. The 
overall mean number of courses was 2.36. Six experimental teach- 
ers had more than 2.36 science courses v/hile 11 control teachers 
had more than 2.36 science courses. Evidently control teachers 
had stronger science backgrounds than experimental teachers. 

Analysis of Ratio Changes 

Three ratios were calculated with data obtained before the 
methods course as pre-measures of the teachers' behavior. Three 
ratios were calculated with data obtained after the methods course 
as post-measures. The ratios were the activity ratio (a measure 
of the use of indirect ^.ctivities), the laboratory ratio (a meas- 
ure of the percent of time spent with laboratory experiences) and 
the questioning ratio (a measure of time spent asking questions). ‘ 
The differences betvxeen pre-measures and post-measures was termed 
ratio change. The activity ra'cio change was found by subtracting 
the activity ratio calculated wixh data obtained before the methods 
course from the activity ratio calculatec. with data obtained after 
the methods course. The laboratory ratio change and questioning 
ratio change were determined by subtracting ratios calculated with 
data obtained before the methods course from corresponding ratios 
calculated vjith data obtained after the methods course. 

A negative activity ratio change was obtained by two experi- 
mental teachers and six control teachers. Teachers obtained a 
negative activity ratio if they used indirect activities propor- 
tionately less after the methods course. The mean activity ratio 
change for the experimental group of teachers was larger than the 
mean activity ratio change for the control group. The activity 
ratio change fof most teachers was below average; only four experi- 
mental teachers had an activity ratio greater than the mean value. 
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Thirteen experimental teachers had a positive laboratory 
ratio change. Five control teachers had a positive laboratory 
ratio change, but two were negligible; i.e., .007 and 0.022. 
Parochial teachers in the control group had laboratory ratios 
equal to 0.0 before and after the course. The mean laboratory 
ratio change was higher for the experimental group of teachers. 

There was no appreciable difference;.: between experimental 
teachers and control teachers in questioning ratio changes. Both 
had positive and negative scores. The mean questioning ratio 
change for experimental teachers v;as negative but small. 

Analysis of Activity Ratio Changes 

An analysis of ac \rity ratio changes obtained for teachers 
in the experimental group and the control group is shown in Table V. 
Differences in mean activity ratio changes were tested by applying 
the t-test to the null hypothesis; 

The mean activity ratio change for experimental 
teachers is equal to the mean activity ratio change 
for control teachers; i.e., Ug = Uq. 

This null hypothesis was rejected at the .05 level of significance, 
JThe moan activity ratio change (.995) for experimental teachers was 
'significantly greater than the mean activity ratio change (.181) 
for control teachers. After the methods course experimental teach- 
ers spent a greater proportion of science class time with indirect 
activities than they did before the methods course when compared 
with a control group of teachers. 

Analysis of Laboratory Ratio Changes 

An analysis of laboratory ratio changes obtained for teach- 
ers in the experimental and control groups is given in Table VI. 
Differences in mean laboratory ratio changes vjere tested by apply- 
ing the t-test to the null hypothesis; 

\ 

The mean laboratory ratio change for experimental 
teachers is equal to the mean laboratory ratio change 
for control teachers; i.e., Ug s Uq. 

The null hypothesis was rejected at the .05 level of significance. 
The mean laboratory ratio change for experimental teachers (.232) 
was significantly greater than the mean laboratory ratio change 
for control teachers (.016). The difference was also significant 

at the .01 level (t.Ol = 2,. 977)« After the methods course experi- 
mental teachers spent a greater percent of class time with 

19 









^ Table VI: Analysis of Laboratory Ratio Changes 



Experimental 


i 

Control ' 


\ = -232 


Xg = .016 


Sg - .052 


Eg = .007. 


Ke = 15 , 


Ng = 15 


"(Xg - Xg) 


= .063 


Ho: X = 

e c 






K - 

t = ^ = 3.453 

(Xe - Xc) 


# 
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^critical ( = ,05) = 2.I45 
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reject H 
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laboratory aotivities than they did before when compared with a 
control group of teachers. 

Analysis of Coiestioning Ratio Changes . 

An analysis of questioning ratio changes obtained for teach- 
ers in the experimental and control groups is given in Table VII. 
Differences in mean questioning ratio changes were tested by apply- 
ing the t-test to the null hypothesis; 

The mean questioning ratio change for experimental 
teachers is equal to the mean questioning ratio change 
for control teachers; i.e., Ug = Uq. 

The null hjq)othesis was not rejected at the .05 level of significance 
The mean questioning ratio change for experimental teachers (-0.028) 
was not significantly greater (or less) than the mean questioning 
ratio change for control teachers (-.001). After the methods course 
both groups spent a smaller proportion of talking time on asking 
questions than they did before. However, the change was negligible. 



' Group Activity Ratios , Group Laboratory Rati os and Group Quest! on- 
ing Ratios ' • . “““ 

Ten group activity ratios were, calculated for the experi- 
mental group of teachers and ten group activity ratios were 
calculated for the control group of teachers. Four group activ- 
ity ratios were calculated for each group before the methods 
course, two during and four after. Ten group laboratory ratios 
and ten group questioning ratios were also calculated for both 
groups. Group activity ratios are graphed in Figure 1, group 
laboratory ratios in Figure 2, and group questioning ratios in 
Figure 3* 

The graph in Figure 1 compares the experimental group of 
teachers with the control group of teachers on the group activity 
ratios. The experimental group of teachers increased during and 
after the methods course. The control group of teachers did not 
increase as much, but were higher before the methods coursed 

The graph in Figure 2 compares the experimental group of 
teachers with the control group of teachers on the group labora- 
tory ratios. The experimental group of teachers had a substantial 
increase in group laboratory ratio during and after the methods 
course. The control, group, however, had only a slight increase. 





Table VII: . Analysis of Questioning Ratio Changes 
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-0.023 
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Figure 2. GROUP LABORATORY RATIOS 
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The graph in Figure 3 compares the experimental group of 
teachers with the control group of teachers on the group question- 
ing ratios. In general the group questioning ratios calculated 
for the control group of teachers were higher than the group 
questioning ratios calculated for the experimental group of teach- 
ers. Group questioning ratios fluctuated for Taoth groups, hut 
did not indicate any relevant trends. 

DISCUSSION 

In general, results indicate that after teachers of tha 
experimental group had had the inservice science methods course 
there was a distinct and rneasureahle change in their teaching 
techniques. There was no significant change for teachers of the 
control group x^ho had not taken the inservice science methods 
course* Results shown in Chapter IV may be summarized as follows: 

1. After the methods ccarse experimental teachers used 
indirect activities to a greater extent than before the 
methods course. Only two experimental teachers had 
negative activity ratio changes. The mean activity 
ratio change for experimental teachers was significantly 
(•O 5 ) greater than the mean activity ratio change for 
control teachers when the t-test was applied to the 
difference in means. Also, a graph of group activity 
j’atios calculated throughout the study shows a substan- 
tial increase for the experimental group of teachers 
during and after the methods course; and only a slight . 
increase for the control group of teachers. 

2. After the methods course experimental teachers used 
laboratory experienoes to a greater extent ths-n before 
the methods course. Only two experimental teachers had 
no change in laboratory ratios. They were not observed 
teaching with laboratory experiences before the methods 
course or after. The mean laboratory change for experi- 
mental teachers was significantly (* 05 ) greater than the 
mean laboratory ratio change for oontrol teachers when 
the t-test was applied to the difference in means. Also, 
a graph of group laboratory ratios calculated throughout 
the study shows a greater increase for the experimental ' 
group of teachers during and after the methods course ' 
than for the control group of teachers. 

3* After the methods course experimental teachers spent the 
same prop,ortion of their talking in asking questions as 
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before the methods course. Eight experimental teachers 
had negative questioning ratio changes and seven. had 
positive questioning ratio changes. The mean question- 
ing ratio for experimental teachers was slightly 
negative but was not significantly (. 05 ) different from 
the mean questioning ratio change for control teachers 
(also slightly negative) when the t-test was applied to 
the difference in means. The graph of group questioning 
ratios shows only small variations for either group 
'throughout the study. 

Based on these results ft may be concluded that the fifth- 
grade teachers participating in the methods course Used certain 
techniques to a greater extent after the course than they did 
before when compared to a control group. More specifically, after 
the methods course experimental teachers used indirect activities 
as measured by the activity ratio change and laboratory experiences 
as measured by the laboratory ra'jio change more often than before 
the methods course. Since indirect activities, especially laborar 
tory experiences, were emphasized in the methods course, changes 
found in the experimental teachers' techniques .can be attributed 
to their participation in the in-service science methods course. 

Some laboratory experiences observed in experimental teach- 
.ers' classes after the methods course were those prepared for the ' 
methods course bj’’ the investigator or a participating teacher. 
Usually these experiences when used were first revised by the 
teacher to meet the needs of his class. However, many laboratory 
experiences observed in experimental teachers' classes after the 
methods course were not those prepared for the course. Although 
the format in the laboratory experiences resembled that specified 
in the methods course, the activity and subject matter topic was 
different. The inference is that after the course participating 
teachers not only used laboratory experiences developed for the 
course’, but also applied skills learned in the course. They 
devised laboratory experiences for other topics they were required 
to teach. < 

Observations of teachers' classes were made by three 
observers, working independently. Unfortunately, an observer had 
to tell, teachers, in advance, when he would come to the school to 
observe. At the beginning of the study teachers were instructed 
not to make special preparations or lesson plans for classes 
observers were to visit. Teachers were to do whatever they had 
planned to do before being contacted by an observer. There is 
some evidence that some teachers probably did not prepare special 
lessons and also that after the methods course some experimental 
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■teachers used labora-tory experiences in science lessons no-t vis- 
i-ted by observers: (l) A-t -the end of -the s-tudy several -teachers 

remarked -tha-t a bet-ter impression of elemen-tary science -teaching 
would have been ob-tained had -they prepared for -the visi-ts, (2) 

One -teacher from -the experimen-tal group was upse-t because no 
observer visi-ted when he was using labora-tory experiences# (3) 
Several experimen-tal teachers | after an observationi described 
incidents that had occurred in a laboratory experience earlier in 
the week. Some gave the investigator a copy of the procedure and 
asked him to make comments on it. ( 4 ) Several times observers 
watched television programs | went on field trips, and sat through 
tests. It seems unlikely these lessons were planned for the 
observer's visit. In view of human nature it would be difficult 
to say that not one teacher prepared a special lesson or behaved 
differently when observers visited their science classes. Would 
the results have been the same if observers had made unannounced 
observations? Did experimental teachers prepare special lessons? 
Future investigators should arrange to visit without giving advance 
warning. If full cooperation of teachers and principals is 
acquired, few ill affects should result from observers coming unex- 
pectedly and results of the investigation wnll be strengthened. 
Possibly some scheme could be devised so teachers would not even 
know the observer was jired'ent. 

- Subject Matter 

The study was conducted within one school year so no effects 
would result from teachers acquiring a different set of students. 
However, teachers did not teach the same areas of subject matter 
before the methods course and after the methods course. 

After each observation the observer recorded the subject 
matter considered during the lesson. On the basis of subject mat- 
ter each Glass was categorized as biological science, earth science 
physical scienge or "other.” The category biological science 
. included the study of plants, animals and health; earth science 
included geology and astronomy; physical science included chemistry 
and physios; and "other" included fire prevention, conservation 
and subjects which could not be classified in the first three cate- 
gories,. 



Biological science was observed more often than any other 
science. Physical science was second, earth science third and all 
others fourth. However, the percent of classes with high activity 
ratios was nearly the same for all four areas. The major 
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difference betvjeen the science areas was in use of laboratory 
experiences. High laboratory ratios were more prevalent for . 
physical science classes and were less prevalent for classes in 
biological and earth sciences. Future investigators might con- 
sider studying the feasability of preparing and teaching labo- 
ratory experiences in different areas of science, 

CONCLUSIONS 

After the methods course teachers from the experimental 
group used indirect activities as measured by the activity ratio 
change and laboratory experiences as measured by the laboratory 
ratio change more often than before the methods course. Teach- 
ers from the control group did not change significantly. Since 
indirect activities, especially laboratory experiences, were 
emphasised in the methods course, changes in techniques used by 
teachers from the experimental group can be attributed to their 
participation in the in-service science methods course. Further- 
more, teachers not only used laboratory experiences developed 
for the methods course but also applied skills learned in the 
course. Teachers devised laboratory experiences for other topics 
they were required to teach. 

The implication seems to be that if teachers are required 
to prepare lessons based on laboratory experiences and teach 
these lessons in a methods course then they will use laboratory 
experiences to a greater extent in their own classes. But more 
important, some will devise new laboratory experiences for topics 
they are required to teach. Instructors of methods courses should 
consider involving teachers to a greater extent in methods 
courses. They should require teachers to devise laboratory expe- 
riences which can be used in elementary school science classes 
and to teach the peer group methods class using these laboratory 
experiences. 



SUMMARY 

The major goals of this study were (l) to develop an 
instrument which measures the ratio of time a teacher spends 
teaching with indirect activities (activities in which the 
teacher acts as a co-ordinator learning experiences) to time he 
spends teaching with direct activities (activities in which the 
teacher xs imparting knowledge); (2) to devise an in-service 
science methods course which would encourage fifth-grade teach- 
ers to use indirect activities when teaching science; (3) to 
measure the effects of the methods course on the teaching tech- 
niques of participating teachers. 
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The instrument, "Activity Categories," consists of 11 cat- 
egories which describe general types of activites used in science 
classes. The first six categories — laboratory experiences (open- 
ended and structured), group projects, student demonstrations, 
student reports and student talking — are classified as indirect 
activities. During indirect activities the teacher acts as a 
coordinator of learning experiences. The emphasis is on student 
participation. In direct activities — ^workbook work, teacher 
demonstration and lecture— knowledge is imparted to students by 
the teacher, textbook or other device. Two categories are not 
classified direct or indirect; i.e., teacher questioning and 
general havoc. In the classroom a numeral is recorded at certain 
time intervals throughout the science lesson (every five seconds 
in this study). This numeral designates the category which 
describes the activity occurring during that interval of time. 

A series of numerals is thus obtained vjhich may be used to cal- 
culate the ratio of time a teacher spends teaching with indirect 
activities to the time he spends teaching with direct activities. 
This ratio is termed "activity ratio." Two other derived measures 
may also be calculated. The "laboratory ratio" measures the per- 
cent of time a teacher spends with laboratory experiences. The 
"questioning ratio" measures the time a teacher spends asking 
questions. 

Thirty fifth-grade teachers from Syracuse, New York, area 
school systems volunteered to participate in the study. Fifteen 
teachers were randomly assigned to the experimental group of 
teachers and fifteen teachers served as a control group. Only 
experimental teachers were given the methods course during the 
study. 

In the methods course teachers discussed the rationale for 
using indirect activities, especially laboratory experiences. The 
instructor of the methods course had prepared several lessons 
based on laboratory experiences which could be used in fifth-grade 
science classes. He demonstrated how to teach using laboratory 
experiences by teaching the lessons to the class. Each teacher 
was also required to prepare two lessons based on laboratory expe- 
riences and then teach the lessons to the class. 

The investigator and two associate observers made inde- 
pendent 'observations of the teachers' science classes. Each of 
the 30 teachers was seen by two of the three observers. All were 
observed ten times while teaching science, four times before the 
methods course, twice during the course and four times after the 
methods course was given to experimental teachers. 
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After the methods course experimental teachers and control 
teachers were observed while teaching science* Activity ratios | 
laboratory ratios and questioning ratios were calculated with 
data obtained after the course. 

Increases in activity j laboratory and questioning ratios 
after the course with respect to before were termed ratio changes. 
Mean ratio changes for experimental teachers were compared with 
corresponding mean ratio changes for control teachers. Differ- 
ences in the means were tested by applying the t— test and using 
a 0.05 level of significance. 

In general results show the in-service science methods 
course caused a change in teaching techniques of participating 
teachers as measured by the activity categories. 

1 . After the methods course experimental teachers used 
indirect activities to a greater extent than before the 
methods course. The mean activity ratio change for 
experimental teachers was significantly (.05) greater 
than the mean activity ratio change for control teach- 
ers. 

2 . After the course experimental teachers used laboratory 
experiences to greater extent than before the methods . 
course. The mean laboratory ratio change for experi— 

. mental teachers was significantly (.05) greater than 
the mean laboratory ratio change for control teachers. 

On the average the methods course did not affect the percent 
of talking time that experimental teachers spent asking questions. 
The mean questioning ratio change for experimental teachers was 
essentially zero. 

It v;as concluded that participating teachers did use dif- 
ferent techniques after the methods course. They made greater use 
of indirect activities, especially laboratory experiences. Further 
more, many of the laboratory experiences observed in clasD< .. of 
experimental teachers after the methods course were different from 
those prepared for the methods course by the investigator or the 
teachers. Evidently teachers applied the skills learned in the. 
methods course to other topics they were required to teach. 

These conclusions must be tempered by the possible effects 
of two factors. Since observers were required to notify teach- 
ers, in advance, that they would visit a certain class, some 
teacher.s may have prepared special lessons. Also, laboratory 
experiences were used more often when the subject area was phys- 
ical science and teachers from the ■ experimental group were 
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abserved teaching topics in the area of physical science more 
after the course than before* If laboratory experiences are used 
to a greater extent in classes where the subject matter topic is 
Physical Science, perhaps teachers in the experimental group 
normally use laboratory experiences to a greater extent during 
the second semester*. 
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Part I. Elementary Science Methods Course for fifth-grade teach- 
ers. 



Rationale 

One purpose of an inservice science methods course is to 
encourage teachers to use indirect activities xi/hen teaching sci- 
ence. If teachers are to "be encouraged to use indirect activities, 
they should be able to; 

1, State or discuss the rationale for using indirect activ- 
ities; 

2, Describe how to prepare lessons based on indirect activ- 
ities and how to teach the lessons; 

3* Prepare lessons based on indirect activities and teach 
these lessons. 

These statements v/hich describe what teachers should be able to do 
are acceptable objectives for a methods course. 

Methods used by the instructor of an inservice science 
methods course depend upon and must be confiistent with the course 
objectives. Lecture-discussion techniques are efficient ways to* 
dispense and debate information. If these toichniques are used 
effectively, teachers should learn to discuss indirect activities 
and the rationale underlying their use. Demonstration techniques 
are useful to illustrate hovj to use methods or materials. Ix’ 
demonstration techniques are used, teachers should be able to 
describe how to prepare lessons based on indirect activities and 
how to teach using these lessons. But the use of lecture, demon- 
stration and discussion techniques does not insure that teachers 
will be able to prepare lessons based on indirect activities or 
be able to teach using these lessons. Although it is possible 
that some teachers will learn to prepare and teach lessons based 
on indirect activities, it does not seem probable. If teachers . 
are to be able to prepare lessons based on indirect activities 
and teach science using these lessons, then the instructor of the 
methods course should require participating teachers to prepare 
lessons based on indirect activities and to teach using these les- 
sons. When the instructor observes a teacher teach science using 
indirect activities the instructor is certain the teacher is able 
to do it. 

This rationale indicates a general outline for a science 
methods course: 
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I. Teachers should he presented with the philosophy of 
contemporary science education and the rationale for 
using indirect activities. The presentation may he 
. written, verbal or hoth. 

II. Teachers must have the opportunity to discuss the 

philosophy of contemporary science education and the 
rationale for using indirect activities. A general 
discussion should follow the presentation in part I 
and more specific discussions should follow the 
activities described below. 

III. Teachers should be shown how to teaching using indi’^ 
reot activities. The instructor should prepare les- 
sons based on indirect activities, and thep demonstrate 
by teaching the lessons to the class. 

IV. Teachers should have experience in preparing lessons 
which call for the use of indirect activities and in 
teaching these lessons. 

The Methods Course 

One objective of this study was to devise an in"’Servioe 
methods course which would encouarge teachers to use indireot 
activities vihen teaching science. This course was developed and 
taught by the investigator. Twelve meetings were held from 4;30- 
to. 7:30 every Vfednesday during January, February, and March, 196?f 
Each meeting is described below in terms of the major activities 
which occurred. 

Meeting No. ^ 

The instructor conducted a discussion of several topics 
including thf goals and objectives of science education, ethod— 
ology in science teaching, modern thoughts in learning theory , 
and the curriculum project of the American Association for the 
Advancement of Science (AAAS), entitled Science— A Process 
Approach. Next the. class discussed the use of laboratory experi- 
ences in science classes, (in the class and. in this Appendix a 
laboratory experience is referred to as an activity. All other 
types of activities v;ill be named. ) During the last hour the 
instructor taught an activity based on the concept, ’’Acids'*. 

The class atmosphere during the discussion was poor. After 
the long day in school, the teachers were tired and restless. How- 
ever, when the activity began, there was a radical change in 
class attitude. The teachers were enthusiastic and generated many 
discussions the activity ,and. its use in fifth grade science clas- 
ses. 
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Each teacher was given a copy of: Hone, Elizabeth B., 

Alexander Joseph, and Edward Victor, A SOURCE BOOK FOR ELEMENTARY 
SCIENCE, Harcourt, Brace and World, Inc., C. 1962, N. Y. This 
book was to serve as a source of ideas for teachers when pre- 
paring assignments and future science classes. The teachers were 
also given mimeographed materials of several topics pertinent to 
elementary science education. 

Assignment : 

January 11, 1967 : Read and be prepared to discuss the. 

graphing activities prepared by the instructor. 

January 18, 19^7s Prepare an activity for presentation 
to the class. The instructor noted the assignment i^ould be 
described in greater detail on January 11, I 967 . 

Meeting No . 2 

The class discussed a set of graphing activities prepared 
by the instructor. Most teachers felt graphing should be taught 
in math class. All agreed these skills should be applied in sci- 
ence. One teacher suggested using real data with more relevance 
to the students, rather than artificial data. She noted that stu- 
dents in her class graph their scores on spelling tests. 



S' The pendulum activity was taught by the instructor using 
an openended approach. Teachers were asked to devise a simple pen- 
dulum with a period of one second. No other directions were given. 
Many had trouble beginning; they didn't know what to do. Some 
tried to measure the time for a single swing directly. One group 
tried to use a watch vjith no second hand. Several groups inves- 
tigated the effect of changing the weight. This activity turned 
out to be a content learning experience for all teachers. The 
instructor answered no (questions directly, but asked Questions in 
return to lead teachers- to further investigation. The activity 
lead directly into a discussion of how to teach an activity. Next, 
teachers were given mimeographed materials presenting the inves- 
tigator's viex^s of concepts, behavioral objectives, processes in 
science and motivation. 



Ten teachers were given a "heat" kit consisting of directions 
and materials for seven activities. The instructor taught an 
activity based on the concept: heat is conducted in metals; some 

metals conduct heat faster than others. In this activity teachers 
attach tacks at regular intervals to a metal rod using wax. One 
end of the rod is inserted in a candle flame. As heat is conducted 
along the rod, the wax melts and tacks drop off. A graph of 
distance vs. time may be plotted. The teachers attached the tacks 
in a -variety of ways. One group let the wax harden and stuck the 
tacks in the wax. Another group first balanced the tacks and then 
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added the wax. No instructions were given for measuring time. 

One group, having no watch, attempted to count steadil'y. This 
propogated a discussion of quantitative and qualitative measure^ 
ments. 

Each teacher was also given a ’’light and color” kit con- 
sisting of directions and materials for six activities. The 
class was divided into six groups. Each group did a different 
activity and was aksed to prepare comments on their activity 
fo’r .the next meeting. The meeting lasted past 7s 00 and many 
teachers stayed until 7:30. 

Assignment for January 18 t 1967 : 

The teachers were to prepare an activity which they would 
teach to the class. It was to he based on a concept hut empha- 
size process skills discussed. ’Ohjectives were to he hehavior- 
ally stated, and the activity was to begin with a ”need-to- 
know. ” 

Meeting No . 

Each group reported on the ’’light and color” activity per- 
formed the previous week. Then the class discussed the activity. 
During the vjeek several teachers had performed all activities at 
home and were able to contribute their experiences to each dis- 
cussion. For many teachers the activities were learning experi- 
V. ences.. Some did not know white light is a mixture of all colors. 
Only four had. seen a diffraction grating before. A few teachers 
were Surprised to learn the image in a camera or eye is inverted. 
The ‘Class discussed these aspects of light and color. 

Two teachers gave presentations to the class. These were 
discussed vjith special reference to ways each could be improved. 

Meeting No . 4 (January 25, ,1967) 

The instructor conducted a short discussion on observing 
an inferring. Each teacher was given a piece of sugar and asked 
to make observations. The instructor wrote these on the board 
and then asked teachers to name the sense organ used to make each 
observation. Several of the first list were not observations but 
were inferences. The difference between observations and infer- 
ences was discussed. After this discussion three teachers 
presented activities they had prepared to the class. 

Meeting No . 5 (February 1, 1967) 

The teachers initiated a discussion of behaviorial 
objectives. It began with a single teacher before the meeting 
and continued for 45 minutes. The remainder of the session 
consisted of activities presented by three teachers. 
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Meeting Wo . _6 (Febiniary 3i 19^7) 

* 

Four teachers presented activities to the class. Another 
teacher described a science fair project developed by one of his 
students. This led to a discussion of student demonstrations 
and group projects. Teachers inquired about suggestions for stu- 
dents who desired to make a science fair project. The investi- 
gator emphasized that library reports and charts required little 
work and yielded little learning. Students should be encouraged 
to investigate problems such as; 

a. Nhat factors affect the period of the pendulum? 

b. Do rocks absorb or adsorb water? What factors affect 

each? ^ 

c. What factors affect the balloon rocket? 

Meeting No . 7^ (February. 15 1 19^7) 

Two teachers presented activities to the class. Another 
teacher described an oral report given by his student. The 
report was a rather complete description of the birth of a baby* 

This led to a discussion of student reports and student demon- 
strations. 

The class summarized and discussed activities in general. 

At this point teachers noted the need to have behavioral objec- 
tives, to ask questions rather than lecture and to have concrete 
experiences* for children. 

The instructor had prepared a series of activities in the 
area of astronomy. These activities, v/ritten for use in fifth 
grade classes, were distributed to the teachers. The last 
activity entitled "Rockets Work on the Principle of Action- 
Reaction" was conducted loy the instructor. The teachers liked 
this activity. They did not make graphs, but qualitatively 
worked on problems presented in the activity. The teachers had 
trouble determining why balloons fly. This was one indication 
that elementary teachers may need science content courses as well 
as science methods courses. 

Assignment ; 

Each teacher was asked to prepare another activity to 
present to the class. They were to develop an original one based 
on a demonstration they might locate or had used. They were not 
to rewrite someone else’s activity. 



Meeting No . H (February 22, 196?) 

The instructor reported on the book, THE CONDITIONS OP 
LEARNING, By Robert II. Gagne.* -Gagne discusses eight ways of 
learning. He differentiates between principle and concept which 
the class had noi. lone. The instructor felt teachers should be 
aware of this distinction between principle and concept which is 
made by many authors. 

Several astronomy activities vjere taught by the instructor. 
The activity entitled ’’Night and Day" is a demonstration-discus- 
sion based on the focault pendulum. The emphasis is placed on 
asking questions and encouraging student discussion. An inter- 
esting development occurred. Each time a question was asked 
about the turning of the pendulum, opposing answers were given. 
Eventually the class realized a need to define "turning of the 
pendvilum" operationally. Some were concerned with the plane of 
the pendulum’s swing and others x>rith the t'wisting of the string. 
This incident promoted a discussion of operational definitions. 

In the activity on triangtJ-lation students measure the 
height of tall objects indirectly. This method is then applied 
to the determination of the diameter of the moon. Most teachers 
felt the activity was too difficult. Several were unable to 
solve proportions when the unknown was in the denominator# 
After much discussion one teacher suggested both ratios be 
inverted. This seemed to satisfy most members. 

v' 

The. activities on phases of the moon and planetary 
distances x>rent vjell. Many teachers indicated they xi:ere going to 
try them with their own classes. As the meeting ended, one 
teacher mentioned he had used the balloon rocket activity in his 
class. After starting the students he went into the hall and 
watched. He stated, "They never even missed me." He also stated 
they did very well answering the questions on the sheet. 

Meeting No . ^ (March 1, 19^7) 

The instructor illustrated how a demonstration can be used 
to laad students in inquiry. The apparatus employed is commonly 
known as a cartesian diver. A tall cylinder was filled with 
colored water. A test tube, half filled vjith water, was inverted 
and floated in the cylinder. When a rubber balloon, stretched 
over the top, is pressed lightly, the test tube sinks.. Upon 
rveleasing the balloon, . the test tube rises. The teachers were 
asked to describe and explain what happened. When a reasonable 
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conclusion was drawn, the ruhher diaphragm was pressed harder* 

This time the diver ’.■fent to the hottom where it stayed when the 
diaphragm vjas released. After a reasonable explanation was 
reached, the class discussed how to teach a demonstration. The 
consensus xiras children should be asked, not told, and should be 
encouraged to participate in discussion. 

Three teachers presented activities to the class. Each 
activity vras discussed. 

Meeting 10 (March 8, 196?) 

Pour teachers presented lab oratorj^- type activities to the 
class. Each activity was well done and served to illustrate how 
activities should be prepared and presented* 

Meeting No . 11 (March 15 i 19^7) 

The teachers were interested in further information con'* 
cerning the teaching of chick development in their classes* 

Mr. Ronald Hay of the Syracuse 4-H Club ^^as invited to talk on 
this subject, Mr* Hay^s presentation included a film, and he had 
eggs at various stages of development which he opened* The teach- 
ers were impressed when they were able to see a beating heart. 
Several teachers will most likely incorporate this three-week 
activity into their science class* 

Three teachers presented lessons to the class. Each was 
discussed critically and suggestions for improvement were made. 

Meeting No . 12 (March l6, 196?) 

The instructor taught two short films. The emphasis was on 
using films as a basis for inquiry. The films were stopped at 
several points to permit discussion* 

Pour teachers presented lessons. All were not able to 
teach them due to time. The lessons had been mimeographed, how- 
ever, and a discussion of each was conducted* 

The instructor gave each teacher the concept, "Poods may 
contain starch, proteins and/or fats," They were asked to write 
a laboratory activity .for the concept. Teachers were permitted 
to take the exam home. 
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ACTIVITY CATEGORIES; AN INSTRUMENT FOR QUANTITATIVELY • 
RECORDING ACTIVITIES IN A SCIENCE CLASS 

The third objective of this study was to develop an instru~ 
ment which measures the ratio of time a teacher spends teaching 
with indirect activities to time the teacher spends teaching with 
direct activities* Indirect activities are defined as activities 
in which the teacher acts as a co~crdinator of learning experi- 
ences. Direct activities are defined es activities in which the 
teacher ic imparting knowledge* The ratio of time spent teaching 
with indirect activities to time spent teaching with direct 
activities ic called t)ie •''activity ratio*” 

^.Activity categories” was developed for observers to use 
when visiting science classes* Hovjeveri the instrument could also 
be used by a :eacher during his own class or while watching his 
lesson via a video tape. The instrument is a set of 11 catego- 
ries (Table l) used to olassxfj-- all activities which may occur 
in science classes* Categories include* .* *laboratory experienceSj 
group projects, student demonstrations, student reports, student 
talk, teacher questioning, lecturing, workbook work, teacher 
demonstrations and general havoc. 

The Categories 

Six categories describe activities considered to be indi- 
rect activities* These are openended laboratory experiences, 
structured laboratory experiences, group projects, student 
demonstrations, student library research and student talking* 
During these activities the teacher acts as a coordinator of 
learning experiences* Emphasis is on studenx participation* 

The first two categories describe laboratory experiences; 
openended laboratory experiences (Category No. l) and structured 
laboratory experiences (Category No. 2)m The major difference 
between openended and structured laboratory experiences is the 
amount of freedom granted to students* In a structured labora- 
tory experience students have little or no freedom. The pro- 
cedure is carefully outlined and students are not asked to make 
any analysis or interpretation of the data* They are only 
required to make observations* The following examples are 
structured laboratory experiences; 

Example _1* Students are told that foods which contain 
starch are turned blue by the addition of iodine solution. 
They are given iodine solution and several foods, told to 
add a drop of iodine solution to teach food and asked to 
write the names of foods which turn blue or contain 
starch* 
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INDIRECT ACTIVITIES 


Students are presented a problem to be 
1. LABOpiiTORY solved by experimentation. The procedure 

EXPERIENCES: may or may not be given. They are 

• OPENENDED required to make observations and analyze 

rtv. intPT*nr?p+. tbp-i r- nrfincfs . 


Students are presented a laboratory experi- 
2. LABORATORY ment with a structured procedure. They 

EXPERIENCES; are not required to analyze or interpret 

STRUCTURED their data. They are asked to make 

observations. 


One or more groups of students are 

working on a science project during the 
PROJECTS . pQ^ass period. Some may work individually. 

(not written Droiects) 


A student or group of students demon- 
U. STUDENT strate a science experiment or project 

DEI 'ONSTRATIONS . which they have prepared. (Oral report on 


5. STUDENT ^ student or group of students give an 

LIBRARY oral report they have prepared based on 

RESEARCH reference material, (b) The class works 

REPORTING ETC. with reference materials for purposes of 
^ * writiner or makingL^reports . 


6 STUDENT student contributes verbally by 

QPvATmvTp asking a question, answering a question or 

t). L J\i MU simolv volunteerine information. 




'•7, TEACHER Students are asked a question by the 

QUESTIONING teacher. 


DIRECT ACTIVITIES 


’o nntr Students work in class on workbooks, home- 

0. ¥0RKB00K work, questions from text, art-type work, 

etc. 


9. TEACHER teacher presents material by film, 

DEf^ONSTRATIONS filmstrip, record, TV, radio, demonstra- 
tion, etc. 


.The teacher reads aloud, expresses his 

views, gives directions, makes an assign- 

10. LECTURE ment or asks rhetorical questions. 

Students are expected to listen. They may 

interrupt only when they do not understand. 

Student reading in the text is also 
•incinrfprf. 




11. GENERAL class may be cleaning up, settling 

HAVOC domi or doing nothing. In general, this 

1 cat.g»gQT»y .cibonTH Tna sparingly. . 



Table I Activity Categories. Eleven categories which describe 
general types of activities used in science classes. 
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The procedure was specified and students were only required to 
make observations . , 

Exampl e 2, Students are told to plant four seeds. They 
must give one seed water, sunlight and dirt; the second, 
only sunlighi and water; the third, only sunlight and dirt; 
and the fourth, only water and dirt. Students are asked 
to describe v:hat happens. 

Again the procedure was specified and students were only required 
to make obs er\»-at ions. They were not asked to explain or draw 
conclusions from the data. 

In openended laboratory experiences students are presented 
one or more problems. They may or may not be asked to determine 
a procedure but are asked to anal^rze or interpret the results, 

The following examples are openended laboratory experiences. 

Example 1_. Students are given three chemicals; iodine 
solution, water with blue food coloring and water with 
green food coloring, and several foods. They are told 
potatoes contain starch and are asked to tell all they can 
about the foods. Students are also asked to tell what they 
do and give reasons for their statements about the foods* 

Example 2, Students are asked, "What do plants need to 
grow?" "How much do they need?" The students are required 
^ to plan and carry out experiments to answer the questions. 
They must describe what they do and give reasons for any 
conclusions they may make. 

In these examples students not only analyze or interpret their 
observations, but also plan their own procedure. 

Three categories describe children working individually or 
in small groups on a project, demonstration or report. Students 
are often granted class time to prepare science fair projects or 
demonstrations for the class. The category entitled "group pro- 
jects" (Wo. 3) is recorded when students are preparing projects or 
demonstrations. When a demonstration, project or oral report on a 
project is being presented to the class by a student or group of 
students, the category entitled "student demonstrations" (No, 4 ) 
is recorded. In the study of WTeather at the elementary school 
level projects are often prepared and then demonstrated. Studenl^n 
make instruments to measure wind velocity, air pressure and pre- 
cipitation 'or wind direction and demonstrate them to the class. 
Many teachers have students prepare and present oral or written 
reports cn various animals. The category "student library 
research" (No. 5 ) is recorded when students are working with 
reference materials to prepare a report or when students are 
presenting their reports to the class. 
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The "s-tudent -talking” ca-tegory (No. 6) applies -to momen-ts 
when s-tuden-ts are making a verbal con-trihu-tion -to -the class. 

They may he expressing -their views, reading -their no-tes albud,. 
-telling a s-tory, describing a personal experience, asking a ques- 
-tion or answering a ques-tion. This ca-tegory is recorded when 
s-tudents are al3.cwed -to speak. 

Ca-tegories en-ti-tled "workbook vjork” (No. 8)i "'teacher 
demons-tra-tion” (No. 9) "lec-ture” (No. lO) are classified as 
direc-t ac-tivi-ties. During -these ac-tivi-ties -the "teacher impar-ts 
knowledge verbally or wi"th some device. 

The workbook work category is used to describe s^tuatiohS 
in which students are filling pur workbooks, vjorking hopiework 
problems, writing’ answers to questions, copying pictures or 
coloring pictures,' This category is classified direct because 
teachers usually ask questions which require students to search 
for an answer in the textbook or have students color a sketch 
of some picture hanging in the front of the room. This is just 
■ another way of imparting information to students. They are given 
little freedom to express themselves — to analyze or interpret 
information. However, if questions are judged by the observer to 
be thought provoking, a notation is made in the margin of the 
recording sheet. 

Modern technology has provided teachers with instructional 
aids, audio visual devices and other media which provide "teach- 
ers with efficient and enjoyable ways to present information. 
Included as instructional aids are television, films, filmstrips, 
phonograph records, tape recordings and radio. Category No. 9i 
"Teacher demonstrations," is recorded when the teacher is using 
instructional aids. This category is also recorded while the 
teacher is demonstrating. The following example will illustrate 
when the category was used. During the study a teacher heated a 
coke bottle capped with a balloon "to prove air expands when 
~ heated." Several times films or filmstrips were shown. 

If properly used, instructional aids or a demonstration 
will arouse student curiosity and provoke discussion or investi^: 
gation. Situations where instructional aids are used to stim- 
ulate inquiry will be short and interrupted by situations which 
can be classified into an indirect activity category. Unfor- 
tunately, demonstrations are seldom used for this to s-timulate 
inquiry. The teacher rushes through the film, filmstrip or 
demonstration and only asks a question to make sure students are 
paying attention. The teacher seldom stops the film, filmstrip 
or demonstration and asks, "What do you think is going to happen?" 
and "Why do you think that will happen?" or "Why do you think 
such and such happened?" If he did stop, asked questions and 
allowed students to express their views, "student talking" 
(Category No. 6) and probably "teacher questioning" (Category 
No. 7) would be recorded more than "teacher demonstration" 
(Category No. 9)« • 
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The ce,tegory entitled "lecture" (Wo. lO) is recorded 'when 
the teacher reads aloud, expresses his views, gives directions, 
makes an assignment or asks a rhetorical question. The student 
listens and only interrupts if he does not understand what the 
teacher is saying. If the teacher writes on the blackboard or 
overhead projector, the inteival is still classified as lecture. 
These instructional aids are not considered "teacher demonstra— 
tions." Students reading the text, aloud or silently, and 
during a lecture for students to write notes are also classified 
as lecture. This category describes those activities in which 
students receive information or directions from the teacher or 
textbook. 

The teacher questioning category (No. 7) is recorded when 
students are asked a question by the teacher. This category 
could be considered direct since it describes situations in whicj^ 
students are not participating. However, the teacher is not 
imparting information but is attempting to elicit student talk. 

Not classifying this category direct or indirect when calculating 
the activity ratio has implications to be discussed below. (See 
"Calculations with Data") 

"General havoc" (No. 11 ) is the category used to describe 
intervals of time when the class is interrupted. These non- 
teaching activities include students settling down or cleaning 
up, announcements on the public address system^ visitors at the 
door", fire drills, handing out homework or materials, moving from 
the classroom to another location, etc. Periods of silence while 
the teacher gets materials ready, erases the board or does some 
other menial task are also classified as "general havoc." 

Use of the Activity Categories 

In the classroom the observer uses a stopwatch and notebook. 
The notebook has a copy of the categories and ground rules 
attached to the inside left cover and a recording sheet (Figure 
l) on the right side. Before class, in the spaces provided at 
the top of the sheet, the obse?*ver writes his name, the teacher's 
number, the date and the time. Spaces on the recording sheet are 
provided for the observer to record a series of numbers. The 
spaces, small squares, are arranged into groups of twelve. Twelve 
squares are filled every minute; each square corresponds to a five- 
second interval of time. The five-second interval was chosen 
somewhat arbitrarily.* A four or six-second interval would 



*While testing the instrument, the recording interval was changed 
several times. As the' interval length is shortened, precision 
increases. If a one-second interval is used, the instrument is 
extremely precise. However, as the interval length is shortened, 
observers must make decisions faster and more often. The five- 
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• pro-ba-bly have worked as well. Teachers recording their own , classes 
would need to use a much larger interval; perhaps a one-minute 
interval. They would not have time to record more often than once 

a minute while teaching. 



When the lesson begins, or just before it begins, the stop- 
watch is started. It runs continuously throughout the science les- 
son. Every five seconds the observer notes a single numeral which 
designates one of the 11 categories. The activity which occurs 
during the five-second interval determines which category is ,cho.sen 
and hence which number is recorded. If the teache? was ®-skxng a 
question, the observer records a 7» "teacher questioning. If a 
student was giving a report, the observer records a 5, to indicate 
the category entitled “student library research." If s-^udents were 
cleaning up after a labpratory experience, the observer records an 
11, "general havoc." A^series of numbers is obtained. This series 
of numbers tells what types of activities occurred as ifell as ths 
order in which they occurred. 



Ground Rules 

Several ground rules were developed to clarify use of the 
instrument. Many times two or more activities occur simultane- 
ously or sequentially in the same five-second interval. Since only 
one number is recorded, only one category is chosen. Two ground 
rules were developed to provide for the sequential dr simultaneous . 
occurrence of two or more activities in the same interval. When 
activities .occur simultaneously, the observer chooses the category 
with the lowest number (rule l). For example, the teacher is 
talking during a film. If the teacher is lecturing or -telling 
students (Category No. lO), the observer records No. 9 J-teacher 
demonstration). If the teacher is asking a question, the observer 
records No. 7 (teacher questioning). When activities occur sequen- 
tially in the same five-second interval, the observer chooses -uhe 
category which describes the activity occupying the major portion 
of the interval (rule 2).. If this is not possible, the obse^er 
chooses the category with the lowest number. For example, the 
teacher ends his question in an interval and a student begins o 
talk immediately. If the student talk occupied the fref^est por- 
tion of the five-second interval ,. the observer records No. b 
(student talk). If the question occupied the greatest portion, 
the observer records No. 7 (teacher questioning). If both activi- 
ties occupied the same portion, 'the observer chooses^ the^ category 
entitled student talk because its numerical designation is lowest 

No. 6). ' 



second interval was precise and recording data was not too 
ficult. Future workers may wish to use intervals of some other • 
length. The stopwatches used should be calibrated in terms of the 
interval length. This will make it easier for the observer to 
watch the stopwatch and classroom activities. 
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GROUND RULES 

1, When two activities occur simultaneously in a five-second 
interval, observers choose the category viith the smallest 
number. For example, a teacher may be talking while show- 
ing a filmstrip (No, 9)» the teacher is telling the stu- 
dents (No, lO), observers record a 9* If teacher is 
asking a question (No, ?)» observers record a 7* 

2, When two or more activities occur sequentially with a five- 
second interval, observers choose the activity which 
occupied the major portion. If this is not possible, 
observers choose the category with the lowest num]?er, 

3, Lulls during a lecture for purposes of notetaking (No, lO), 
If the lull occurs following a teacher's question, it is 
recorded as a question (No, ?)• 

4, If an interval cannot be assigned a number , it is left 
blank. The situation should be explained in the margin 
as soon as possible, 

6, A test' is coded as **T", 

7, Laboratory experiments; If a distinction between cate- 
gories 1 and 2 cannot be made because the directions 

' are nonverbal, then an "L" will be used until the direc- 
tions can be examined. While students are predominantly 
reading directions, consider this as Category 10, direc- 
tions, 

8, VJhen Category No, 8 is applicable, the observer should 
check the materials. If the materials are thought- 
provoking rather than "Icok-up-the answer" type, the 
observer will note this on the reverse side of the sheet, 

9* Guest speakers are not recorded, "Guest speaker" is 
written across the blank intervals. 



Table II Ground Rules, Rules to clarify use of the activity 
categories. 
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Periods of silenoe during a leoture or following a ques- 
tion are also olassified (rule 3)« "The lull in a leoture for 
purposes of notetaking or allowing the information to sink in is 
oodedas part of the leoture. The lull following a teaoher's 
question is categorized "teaoher questioning" (Category No. ?)• 

dcoasionally, aotivities not desorihed by a oategory will 
ooour. To provide for suoh situations, it was neoessary to add 
ground rules. The general rule for intervals whioh oannot be 
assigned a number is rule no. 4* The interval is left blank, 
and the observer writes a short desoription of the aotivity in 
the margin of the reoording sheet. 

Pieldtrips are olassified "student library research," 
Category No, 5 (rule 5)« Pieldtrips may range from a trip to 
another olassroom where an exhibit is displayed to a trip to an 
industrial conoern in another oity. The travel time is oatego- 
rized "general havoo" (Category No. 11 )• Tests are not olassi— 
fied. The observer oodes a "T" to denote test (rule 6). 

Laboratory aotivities with non-verbal direotions are ooded "L” 
until the direotions oan be examined (rule 7)« Usually the 
teaoher gives a oopy of the direotions to the observer. Guest 
speakers are not reoorded; the interval is left blank and "guest 
speaker" is xirritten aoross the blank intervals (rule. 9)» 

Ground rule No. 8 provides for workbook materials whioh 
are thought-provoking rather than " look-up- the-answer" type. 

The observer makes a marginal notation when materials require 
students to analyze or interpret rather than hunt for answers. 

After class the observer writes the subjeot-matter topic 
which was studied in the space provided at the top of the page. 
This information can be used to determine if effects due to 
subject matter occurred. Perhaps teachers use certain categories 
of activities vjhen teaching one subject-matter area and other 
categories of activities when teaching other subject matter areas. 
Data should be available to measure effects due to subject matter. 

On the reverse side of the reoording sheet the observer 
also makes subjective comments about classroom atmosphere. When 
applicable, he writes a concise phrase to answer the following 
three questions: 

1, In general, what types of questions did teachers ask? 
Recall? Thought-provoking? 

2, Did the teacher have sufficient knowledge of the sub- 
ject matter? Were students interested? > 

3, Vlas the class structured or unstructured; i.e., did 
students have the opportunity to inquire or were their 
questions overlooked? 
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Three indices which may be calcu3.ated with the data are the 
activity ratio » laboratory ratio, and questioning ratio. Each ratio 
is discussed below. 

The activity . ratio is a measure of the relative amount of 
time' spent teaching with indirect activities. It is the ratio of 
time spent teaching with indirect activities. (Categories 1 
through 6) to time spent teaching with direct activities (Categories 
8, 9, 10).* The numerator of the activity ratio is calculated by 
adding all the five-second time intervals during which activities 
that occurred were judged to belong to Categories 1 through 6, The 
denominator, time spent teaching with direct activities, is cal- 
culated by counting the number of five-second time intervals dur- 
ing which activities were judged to be described by Categories 
9 or 10. Time intervals assigned the number 7 (teacher questioning) 



Activity 

Ratio 



=, No. of intervals assigned to categories l,2,3,4»5i&6 
No. of intervals assigned to categories 8»9» & 10 




are eliminated when calculating the activity ratio.- When teachers 
ask questions, rather than lecturing, the activity ratio is larger* 
The denominatpr would be smaller (fewer time intervals characterized 
by activities belonging to Category No. 10 are recorded) and the 
numerator should increase (more time intervals characterized by 
activities belonging to Category No. 6 should be recorded because 
students are being encouraged to talk). 

The activity ratio indicates where a teacher is predominately 
imparting knowledge or acting as a coordinator of learning experi- 
ences. If the value of the activity ratio is greater than 1.0, the 
teacher is using indirect . activities more than direct activities. 
This implies he is acting more as a coordinatoi of learning experi- 
ences and le S 3 2/3 one who imparts information. If the value is 
less than 1.0, the reverse is true. 

The laboratory ratio measures the percent of time spent with 
laboratory activities. It is the ratio of time spent teaching vjith 
laboratory activities to total time spent teaching science. The 
numerator is determined by adding all the five-second intervals 



*The following categories describe activities classified indirect: 
(l) laboratory experiences, openended; (2) laboratory experiences, 
structured; (3) group projects; ( 4 ) student demonstrations; ( 5 ) 
student library research; (6) student talking. The foil cwing 
categories describe activities classified direct; (8) workbook work; 
( 9 ) teacher demonstration; (lO) lecture^ 
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during x^hich laboratory experiences (Categories 1 and 2) wer? 
judged to have occurred. The denominator is determined by adding 
all time intervals assigned to Categories 1 through 10. A labo- 
ratory ratio of C.250 indicates the teacher spent one-fourth of 



Laboratory 
Ratio • 



No. of intervals assigned to categories 1 & 2 
No. of inter’/als assigned to all 10 categories 



■ the total class time (excepting "general havoc" time) on labo- 
ratory experiences. 

The Questioning ratio measures the amount of time teachers 
spent asking questions with respect to the total amount of teacher 
talking recorded. The numerator of the questioning ratio is deter- 
mined by adding all the five-second intervals during which activ- 
ities which occurred were judged to belong to Category No. 7 * The 
denominator is determined by adding all the five-second intervals 
during which activities that occurred were judged to belong to 
Categories No. 7 or No. 10. 



Questioning 

Ratio 



No. of intervals assigned to category 7 

No. of intervals assigned to categories 7 & 10 



Training Associate Observers 

For this study two associate observers were trained to use 
the activity categories. Each observer was to make one-third of 
the observations. At the first training meeting the two associate 
observers were given copies of the categories and ground rules and 
were told how these would be used in science classes. Before the 
next meeting associate observers memorized all categories and 
ground rules. At the second training meeting the investigator and 
associate observers discussed the techniques of using the rating 
^sheets. It was essential to agree upon vjhich categories should be 
recorded to describe various classroom activities. The observers 
discussed various activities and how these would be classified. 

• 

During the folloviing week five science classes in a local 
high school x^ere observed to standardize the performance of all 
three observers* The particular classes observed were chosen 



*High school classes were chosen because rapid verbal exchanges 
between the teacher and his pupils occur more frequently than in 
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i| V "because the students were accustomed to having visitors* The 

classes were not disturbed by the presence of two or three observ- 
ers* Two ninth-grade general science classes and three eleventh 
and twelfth-grade physics classes were observed* General science 
classes were reviewing chemistry* Physics classes were beginning 
the study of wave motion* 

Both associate observers were seated beside the investi- 
gator* They could see his recordings and know immediately how 
their decisions compared* In the first class observers recorded 
for ten minutes and then rested five minutes* Three ten— minute 

periods were recorded* During the rest periods observers were 
able to discuss differences in decisions* In succeeding classes 
the recording periods were increased until, at the last meeting| 
the entire class period was recorded* At the last two meetings 
observers separated; consequently, observers could not see each 
other's rating sheet* After each meeting observers discussed 
various classroom situations and came to an agreement as to how 
they should be coded*. 

Estimating Reliability Between Observers 

In this study teachers were seen by two of the three observ- 
ers* Data gathered by different observers making independent 
^ observations of the same teachers were combined* Estimates of 

{ J reliability between the investigator and each associate observer 

were calculated prior to the study* All three observers visited 
the same two elementary school science classes and recorded 
independently* Estimates of reliability were calculated with the 
combined data from two classes* A coefficient of observer relia- 
bility vias determined with a method described by Scott (l955i 321- 

325). 

Scott's method for calculating an index of agreement 
between coders is applicable to nominal scales and is not affected 
by low frequencies** The activity categories are scaled nomi- 
nally and some categories are used infrequently* 



elementary school classes* It is difficult to record data when 
different activities occur rapidly because the categories were 
designed for longer events* The author felt observers trained in 
high school classes would be able to work with greater reliability 
in elementary school classes* 

*Nominal scales are not ordered on any factor* The numerical 
designation of categories is assigned arbitrarily* 

O 
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Scott's index of agreement between coders is a ratio -given 
by 7’= Po - Pe/, p . The numerator of the ratio is the dif- 
ference between"^ the observed percent of agreement (P^) and the per- 
cent of agreement expected by chance (Pg)« The denominator of the 
ratio is the maximum possible difference between the observed per- 
cent of agreement and the percent of agreement expected by chance 
(l.O - P )• Calculations of reliability estimates, using Scott's 
method, are shovjn in Appendix 'B#-. 

Table III shows the reliability estimates obtained for each 
pair of observers before the study. Reliability estimates were 
greater than 0.33. To maintain high observer agreement, observers 
discussed unicjue problems when they occurred. For example, 
observers discussed laboratory experiences to determine if the 
activity should be recorded as openended (Category No. l) or 
structured (Category No. 2). Observers also met to decide how 
tests would be recorded. In this case a ground rule was added. 

Relability checks were made in the middle of the study 
(February, 19^7) near the end (June, 1967). Both times the 
researcher accompanied each associate observer to two classes. 

The measurement in February indicated a slight increase in reli- 
ability between the researcher and each associate observer. Both 
values (Table III) were slightly greater than 0.91« June, 19^7 
the calculations again indicated an increase in reliability. Both 
values were greater than 0.93. Relatively high reliability co- 
efficients indicates that observers recorded comparable notations 
for similar teaching situations. 

Suggestions for Future Workers 

The activity categories were developed to measure the use 
of various types of activities by science teachers. In general, 
the instrument was designed for use by an observer of the class. 

It is, however, possible for a teacher to record his own classes 
if slight alterations are made in the instrument. A teacher 
recording his own class should use a large time-interval. He 
could probably record a number every 60 seconds with out much 
disturbance to his class. Also, category No. 6 (student talking) 
and category No. 7 (teacher questioning) would need to be com- 
bined. Teachers rarely spend 30 seconds or more asking a question 
and students seldom talk that long. If categories 6 and 7 were 
combined into "discussion," periods of talking could then be 
classified either "discussion" or "lecture." 

The categories were used by three observers visiting the 
same classes. Scott's methods for determining a coefficient of 
observer agreement was applied to data gathered by pairs of 
observers. For every pair of observers coefficients were greater 
than 0.88. These high coefficients of observer agreement indicate 
that high reliability can be expected between observers using the 
activity categories. 
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Observers Observers Observers 

A *. C B & C A & B 



Before the study 
(October, 196 ?) 


.898 


.892 


.885 


During the study 
(Phase II) 


. 914 


.927 


* 


At the end of the study 
(June, 1967) 


.943 


.935 


* 



Teble III — lils'tiina'ted. Relia.bili'ty Beliween Observers 

*During the study and at the end of the study Observers A and B 
could not visit classes together^ No reliabilities were cal- 
culated for these tiiro observers after the study began. 
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However, high reliability between observations should not be 
expected. Teachers would not be expected to use indirect activi- 
ties exclusively. For instance, a teacher might introduce a topic 
with laboratory experience on one day, have students do library 
research the next day and show a film the third, day. Applying he 
activity categories to these lessons would yield a high activity 
ratio and high laboratory ratio the first day, a high activity 
ratio, but low laboratory ratio the second day, and a low activa.iy 
ratio and low laboratory ratio the third day. 



For situations where a team of observers will work together, 
the following training procedure may be useful. The four steps 
are based on the training procedures- used in this study. 

1. Observers must memoriae the activity categories and 
ground rules and become familiar vjith use of the ca - 
egoiies in science classes. Until this step is com- 
pleted, observers cannot adequately discuss the 
activity categories, ground rules and use of the 
categories in science classes, 

2. The team of observers must discuss each category, each 
ground rule and the use of the instrument. This dis- 
cussion should minimise differences in interpretation 
between observers. Before entering a classroom, 

-.'bservers must agree on how the instrument should be 
» 

used. 



3. Observers should practice recording with the activity 
categories in actual classroom situations. Record for 
short periods at first (lO minutes) and discuss 
problems between these recording periods. If longer 
periods are used, observers may become confused. The 
recording periods should be increased gradually until 
the team is coding an entire class. After each 
observation inter-observer discussions will be benefi- 
cial, Observers can compared recordings and discuss 
differences resulting from problem situations, 

4, Reliability between observers when visiting the same 
class (es) may be determined by Scott’s method. Once 
a satisfactory reliability is achieved, it should be 
maintained. Inter-observer discussions of new situa- 
tions when they arise will help maintain reliability 
between observers. 

If an individual observer plans to make all observations 
the last three suggestions will need to be altered. Perhaps 
'another individual could work with the observer help him learn to 
use the instrument. 
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